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S t a tus :  

colony ccns is ted  of 34 aimals,  I n  genera l ,  t h e  hea l th  of t h e  colony has  

been s a t i s f a c t o r y ,  

have experienced an extended per iod ( 2  t o  3 weeks) of d i a r rhea  of an 

u n c l a s s i f i e d  or ig in .  

cne of these  animals. The balance of the  animals i n  quest ion has made 

considerable  improvenent 

t o  ind iv idua l ly  caged znimals i n  a separa te  room frcm t h e  balance of the  

colcny . 

A t  t h e  terminat ion of t h e  2er iod  covered by t h i s  r epor t  t h e  primate 

During quarant ine,  s e v e r a l  of t h e  more recent  a r r i v a l s  

No evidence of pathogens was revealed by autopsy of 

The incidence of t h i s  problem has been confined 

Microf i la r iae  have been detected i n  t h e  blood of one male p ig - t a i i ed  

monkey. 

The t h o r a c i c  s u r g i c a l  approach fo r  implanting the  vascu la r  ca the t e r s  

h a s  proved t o  possess  d e f i n i t e  advantages over t he  r e t r o p e r i t o n e a l  approach. 

A modification of the  thoracotomy procedure has  involved t h e  placement of 
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c a t h e t e r  t i p s  x i t h i n  t h e  l e f t  atrium and i n  t h e  ao r t a .  This should peGmit t he  

use of e i t h e r  s a l i n e  o r  dye solution t o  determine ca rd iac  output by t h e  s i n g l e  

i n j e c t i o n  ind ica to r -d i lu t lon  method. The u s e  of s a l i n e  as an i n d i c a t o r  would 

s i n p l i f y  sone of t h e  instrumentat ion requi rexents  assoc ia ted  wi th  long-term 

(30 days) s to rage  of incocyanine green. 

Reproduction and Growth 

An outdoor breeding colclny of t h r e e  female and cne male p i g - t a i l e d  monkey 

has Seen maintained s ince  1963. One of t h e  females gave b i r t h  t o  a s i n e l e  

male of fspr ing  on 17 December 1963, as repor ted  previously.  The o t h e r  two 

females each gave b i r t h  t o  s i n g l e  male o f f sp r ing  on 1 March and 3 March 1964, 

respec t ive ly .  

and immediately fol lcwing p a r t u r i t i c n .  

Ccntinuous observat ional  d a t a  were obtained p r i o r  t o ,  dur ing  

The t h r e e  females conceived wi th in  

me mcnth fol lowing exposure to the male. These monkeys have free access t o  

e i the r  a fenced outaoor  area (80 feet long by 23 fee t  wide by 15 feet high)  

o r  an i n s i d e  a r e a ( l 0  feet by 10 f e e t  by 15 feet)  with one wall r ad ian t  heated 

t o  70OF. Regardless of weather condi t ions ,  they seem t o  spend a considerable  

po r t ion  of t h e  day l igh t  hours i n  t h e  outs ide  area. 

Anthropoidimetric neasurements of t h e  male born 17 December 1963 are 

shcwn i n  Table I. In  o rde r  t o  make t h e s e  measurernents he was removed from 

h i s  mother i n  t h e  breeding colony area, anes the t ized  with a Nembutal 

s o l u t i o n  ccnta in ing  150 U.S.P. u n i t s  of \?ydase(R) ( lyoph i l i zed  hyaluronidase) .  

( R )  

This  a n e s t h e t i c  was adnvlnistered intramuscular ly .  

anatomical measurements, wnoie body X rays, f i n g e r  and hand p r i z t s  and 

e l ec t roca rd iog raph ic  records were obtained. A prel iminary p a t t e r n  of 

odcn t i a s i s  has  been ascer ta ined .  

i n c i s o r s  and t h e  four canines had emerged. 

j u s t  erupted at 90 days of age. 

I n  add i t ion  t o  gross  

A t  90 days of age a l l  e igh t  of t h e  deciduous 

The first deciduous molar had 

At 168 days t h e  second deciduous maxil lary 
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molzrs had no t  q u i t e  erupted t o  t h e  pos i t ion  where t h e  e n t i r e  t o p  of t h e  

too th  crown p ierced  the  gum. 

The i n f s n t  p i p t a i l e d  mcnkeys i n  t h e  breeding colony s t syed  c lose  t o  

t h e i r  mothers during t h e  f izst  month of l i fe .  During t h e  seccnd mofith they  

roamed an area within 3 %et from the  mother and made an atte:i!;>t t o  e a t  dry 

fooe p e l l e t s .  

- 

Frcm the  thirkl ncnth, they were able t o  chew a;id consume 

s o R e  food p e l l e t s  r a t h e r  e a s i l y ,  although even a t  G nonths of tge  they 

f requent ly  re turned  t o  grasp a d  suckle  the  mother. The presence of t h e i r  

off sp r ing  in the  breeding a r e a  has n o t  de te r red  these  post-paWurient females 

f r o m  accept ing t h e  male i n  coitus.  Whether t h e s e  reproduct ive cycles  a re  

f e r t i l e  o r  n o t  has not  been determined. 

HematoloRv. 

Tables 2 and 3 ccnta in  hematological d a t a  from 2 mature p i p t a i l e d  

mcnkeys confined f o r  90 day per iods i n  t h e  couch configurat icn described i n  

S t a t u s  Report No. 2. The d a t a  reported i n  Table 2 w e r e  obtained from a 

monkey (#2, Bottom) without implanted ca the te rs .  The t o t a l  weight of the  

couch and monkey was made twice a week. A tare weight of the  couch and 

ccnf in ing  jacke t  was determined j u s t  before  the  s t a r t  of t h e  t r i a l .  Blood 

samples were obtained Ly puncture of t h e  l e s s e r  saphenous vein. Food aqd 

water ccnsumption and ur ine  and feces  production were measured da i ly .  When 

removed frcm t h e  couch the  monkey walked v o l u n t a r i l y ,  although somewhat 

s t i f f l y ,  and within an hour was able  t o  climb t h e  s i d e  of a s i x  foo t  high cage, 

I 

Data were also obtained f r o m  a mcnkey with c a t h e t e r s  s u r g i c a l l y  implanted 

i n  the  aorta and vena cava (#32 ,  Touchstcne), On t h e  45th day of t h e  t e s t ,  

when t n e  couch and monkey were being t r a n s f e r r e d  t o  a scale f o r  weighing, 

t h e  venous c a t h e t e r  was inadvertent ly  damaged and was non-functional f o r  t h e  

remainder of t h e  couch t r i a l .  The a o r t i c  c a t h e t e r  ccntinued t o  funct ion 

throughout t h e  90-day per iod i n  the  couch, and t h e  hematological da ta  
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shown i n  Table 3 were gbtained cn blocd from this cs the t e r .  Daily n u t r i e n t  

i n t ake  and t h e  amount of exc re t a  were e s s e n t i a l l y  the  saxe i n  t h i s  monkey as 

those for t h e  ncn-catheterized aninal. 

From the  l i m i t e d .  d a t a ,  t h e  major change i n  hematolopJy ap2eared in t h e  

ra t io  of albumin t o  globul in .  In both monkeys the  albumin f=.acticn of t h e  

blood plasma tended t o  drop r a t h e r  p rec ip i tous ly  a f t e r  t he  midway poin t  of 

t h e  90 day couch t r ia l s .  

couch confinercent, and i s  no t  aggravated by t h e  presence of ixp lan ted  

vascu la r  ca the te rs .  

Apparently t h i s  change can be a t t r i b u t e d  t o  t h e  

Hemoclynamics 

Hemodynamic d a t a  from t h e  same monkey confined i n  the  couch for  90 days 

(#32, Touchstone) are shown i n  Table 4. 

ca the t e r s  was made 16 <lays p=.ior t o  confinement. 

be determined af ter  the  45th day of t h e  t r i a l  as the  venous c a t h e t e r  was 

inadver ten t ly  rerroved. A r t e r i a l  presstlre measurements were ccntinued 

throughout t h e  90 day period. 

plywood box which r ead i ly  allowed d a i l y  feeding,  watering and waste removal 

without v i s u a l  ccn tac t  by the  monkey; however, t h e  labora tory  no i ses  were 

no t  shut  out. A constant c i r cu la t ion  of  f r e s h  a i r  was introduced through 

a plenum chamber, and t h e  temperature could be kept q u i t e  c m s t a n t .  

l oca t ed  i n  the  top  of t h e  i s o l a t i c n  box furn ished  a constant  green l i g h t  

of low i n t e n s i t y .  

10 minute per iods  a t  two or th ree  week i n t e r v a i s ,  a t  which t imes the  animal 

w a s  given gross  phys ica l  examinations. 

d i s a b i l i t y  were noted during the course of t h e  t r ia l .  

The i a s t  s u r g i c a l  i m p l m t a t i c n  of 

Cardiac o u t p t s  could not  

The mcnkey i n  h i s  couch was housed i n  a 

A lamp 

The f r c n t  panels  of t he  i s o l a t i o n  box were removed f o r  

No s u p e r f i c i a l  signs of func t iona l  

A l l  measurements i n  T a l e  4 represented  an average of s e v e r a l  10 seccnd 

recording i n t e r v a l s .  

t h e  sane time period each day, and the  g r e a t e r  P o r t i a  of a l l  measurements 

An at tempt  w a s  made t o  take  t h e s e  rceasurercents during 
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were taken during t h e  afternoon. 

s y s t o l i c  and ciiastolic pressures  tended t o  decrease i n  t h e  course of t h e  t es t ,  

Hith t h e  except icn of couch day 54, a o r t a  

Hemodynamic d a t a  from a mature p ig - t a i l ed  monkey which was n o t  contin- 

uously i n  t h e  couch ccnfigurat icn are shown i n  T a l e  5. 

(H20, Benvolio) was placed i n  a couch one week fol lowing vascular  

ca the t e r i za t ion .  Following t h e  formation of a f i s t u l a  i n t o  t h e  sub-hyoid 

pouch due t o  a f a u l t y  confinerrient j a c k e t ,  t h e  monkey w a s  rerroved from h i s  

couch. 

be returned t o  the  couch configurat ion.  

present  at h i s  demise. 

coronary a r t e r y  some f o u r  and one-half months follGwing surgery.  

a r te r ia l  c a t h e t e r s  remzined pstent  throughout t h i s  per iod.  

i nd ica t ed  i n  T a b l e  5 for Day 147 (15 J u l y  1364) were made twelve hours before  

t h e  animal's death. 

This mcnkey 

Subsequent modif icat ions of the  r e s t r a i n t  a p p a x t u s  allowed him t o  

The sub-hyoid pouch f i s t u l a  was s t i l l  

Death was apparent ly  due t o  a r t a r i t i s  of t h e  r i g h t  

Venous and 

The measurements 

Continuous monitoring fo r  a 24  hour pe r iod  was c a r r i e d  out cn #20, 

Benvolio, and t h e  d a t a  obtained are  shown i n  Table 6. 

Hemodynamic information cn two a d d i t i o n a l  mature p ig - t a i l ed  monkeys i s  

shown i n  Table 7. 

a c c i d e n t a l  abrupt  p u l l i n g  out of t h e  vascu la r  ca the te rs .  

been pa ten t  up t o  t h e  time of the  accident.  

survived subsequent s u r g i c a l  removal of t h e  vascu la r  c a t h e t e r s  e 

One of t h e s e  animals (#48, C X t u s )  d ied  as a r e s u l t  of an 

Both c a t h e t e r s  had 

The o t h e r  monkey ( # 3 ,  Tybal t )  

A complete t abu la t ion  of the ranges of hemodjjnamic da t a  determined 

dur ing  t h i s  r epor t  per iod  from 5 mature p ig - t a i l ed  monkeys is summarized i n  

T a b l e  8. 

v a s c u l a r  pressure  was ca lcu la ted  from a t  least a 10 seccnd reccrd ing  per iod ,  

Varying condi t ions of environment were involved. 

Each ind iv idua l  observation on r e s p i r a t o r y  rate,  h e a r t  rate and 

Pe r iod ic  checks for  vascular  c a t h e t e r  patency were made cn a s u r g i c a l l y  

implanted irrnature rhesus mnkey. This monkey was re taped  and j acke ted  a t  
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each patency check and returned t o  h i s  cage. The venous and a r t e r i a l  

catheters were f u n c t i m a l  ;it 200 days pos t  surgery.  

Nut r i t ion  Studies .  

In  order  t o  increase  the  r e l i a b i l i t y  and s impl i fy  t h e  de l ivery  of food 

and water t o  t h e  experimental  primate,  an i nves t iga t i cn  has been made i n  

regard  t o  t h e  use of f l u i d  d i e t s .  

v a n i l l a  f l m o r e d  Nutranent (also re fe r r ed  t o  as Diet #2) and Enfamil with 

I ron  (also r e f e r r e d  t o  as Diet # 3 ) ,  were f e d  t o  fou r  growing na le  p ig - t a i l ed  

Two commercially ava i l ab le  formula d i e t s ,  

norikeys. 

(also re fe r r ed  t o  as 3iet #1) for a period of one year.  

water was ava i lab ie  ad l ib i tum t o  a l i m i t  of 900 ml p e r  Say. 

These disease-free monkeys had previously been f ed  dry  feed p e l l e t s  

During t h i s  time 

During the  

expe r inen ta l  per iod  the  t o t a l  da i ly  r a t i o n  of f l u i d  d i e t  was placed i n  a 

b o t t l e  d i spenser  which the  monkeys had previousljr used f o r  water ccnsumpticn. 

To f a c i l i t a t e  t h e  measurement of the  l i q u i d  d i e t s ,  t h e  monkeys w e r e  presented 

with 800 k i l o c a l o r i e s  of t h e  d i e t  #2,  o r  780 k i l o c a l o r i e s  of d i e t  ?!3. Under the  

dry feed p e l l e t  regine,  700 k i loca lo r i e s  p e r  day were ava i l ab le  t o  each monkey, 

The f l u i d  contained i n  t h e  d i e t  was t h e  only source of exogenous water f o r  

t h e  monkeys during the 126 day experimental  per iod ,  

determined twice weekly before t h e  da i ly  r a t i c n  was fed.  

Body weights were 

Weekly blood saniples 

w e r e  withdrawn i n t o  a l i g h t l y  heparinized syr inge by venipuncture of the  

lesser saphenous vein.  Twenty-four hour f eces  znd u r ine  samples were 

c o l l e c t e d  on f o u r  ccnsecutive days each week, 

Metabolic and hematological summaries of tne pre-experimental c o n t r o l  

pe r iod  and the  odd numbered weeks dur ing  t h e  experimental  per iod  are shown 

i n  Tables 9 ,  19, 11, 2, 

The mcnkeys accepted both d i e t s  s a t i s f a c t o r i l y ,  although t h e  Nutranent 

d i e t  would appear t o  be t h e  one of preference.  Some d ia r rhea  was noted on 

t w o  of t h e  monkeys during t h e  first two weeks of t h e  experimental  per iod.  



During the  remainder of t h e  t r i a l  r a t h e r  moist but  forrred feces  were i n  

evidence. 

t o  the  c o n t r o l  per iod.  

r a t i o n  had a low f i b e r  content.  Fyozen a c i d i f i e d  samples of ur ine  and feces 

fo r  t h e  last s i x  weeks of the  expeTimenta1, and s i x  weeks of a pos t  experimentzl  

c c n t r o l  per iod ,  w i l l  be analyzed f o r  n i t rogen  and c e r t a i n  mineral  cons t i t uen t s ,  

Preliminary n i t rogen  ana lys i s  and t h e  growth record would s t rongly  ind ica t e  

t h a t  t h e  monkeys were maintained i n  a p o s i t i v e  n i t rogen  balance under t h e  

f l u i d  d i e t  regime. 

The amount of d a i l y  feces  poZuc t ion  was not  reduced when compared 

However, it must be toted t h a t  t h e  G r y  feed c c n t r o l  

The developKent of a feeding d ispenser  capable of reliable performance 

i n  per iods of weight lessness  is curren t ly  under inves t iga t ion  by t h i s  

laboratory.  A s i n g l e  preparat ion s a t i s f y i n g  the  n u t r i e n t  and water require-  

ments of the  experimectal  primate should minimize assoc ia ted  instrumentat icn 

problems. 

Urine Collect icn an0 Analysis. 

Urinary ca the te r s  of varying i n t e r n a l  diameters have Seen success fu l ly  

implanted by suprapubic cystostomy i n t o  t h e  ur inary bladder  of s e v e r a l  

p ig - t a i l ed  monkeys, and have remained func t iona l  f o r  as long as 20 days. 

However, t h e  condi t ions necessary f o r  90 day c a t h e t e r i z a t i o n  have not  ye t  

been ascer ta ined.  

An ana lys i s  of u r ina ry  cons t i tuents  is shcwn i n  Table 13. These da ra  

w e r e  obtained from frozen +hour i n t e r v a l  sanples co l l ec t ed  and s t o r e d  i n  an 

automatic collector. 

tests fo r  sugar ,  ketones,  blood and p ro te in  were performed. 

samples were negative in  respec t  t o  these  cons t i t uen t s ,  with the  exception of 

t h e  de tec t ion  of f r e e  hemoglobin i n  some of t h e  sanples co l l ec t ed  on May 5 th  

and 6th.  

In addi t ion t o  t h e  q u a n t i t a t i v e  tests , q u a l i t a t i v e  

The u r ine  
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Bodv Composition Measurements. 

The t o t a l  body water content was determined on f o u r  p i p t a i l e d  monkeys 

with chronica l ly  inp lan ted  a o r t i c  and vena cava l  ca the te rs .  One hundred 

microcuries of s te r i le  t r i t i a t e d  water were i n j e c t e d  i n t o  t h e  animals by 

means of a syr inge  f i t t e d  with a Chaney adapter.  

e q u i l i b r a t i o n  time of t r i t i a t e d  water i n  body water, 3 m l  blood samples were 

taken from 2 p ig - t a i l ed  monkeys a t  15 ,  30, 60,  90,  120 and 240 minutes af ter  

t h e  adminis t ra t ion  of t h e  labeled water. Three m i l l i l i t e r s  of blood were also 

taken from each of these  monkeys a f t e r  2, 4, 7, 9, 11, 14, 21, 24 and 28 days 

t o  determine t h e  b i o l o g i c a l  half- l i fe  of t h e  t r i t i a t e d  water. Water was 

recovered from t h e  blood saniples by vacuum d i s t i l l a t i o n  an? counted in  a 

l i q u i d  s c i n t i l l a t i o n  spectrometer. The counts p e r  m i l l i l i t e r  of body water  

after e q u i l i b r a t i o n  were compared with t h a t  of a s tanaard  obtained by d i l u t i n g  

z;n i d e n t i c a l  dose i n  a kncwn volume of water and t o t a l  body water content 

ca lcu la ted  by appl ica t ion  of t h e  d i l u t i o n  p r inc ip l e .  

T o  determine t h e  

The percentage of body f a t  was ca l cu la t ed  from the  fol lowing formula: 

% water 
0.732 

% fat  = 100 - 

Knowing t h e  t o t a l  body weight of t h e  m i n a l  a t  t h e  tirr.e of t h e  t r i a l ,  

t h e  t o t a l  body fat was computed, 

d i f fe rence .  

Fat  f r e e  Sody weight was ca l cu la t ed  by 

Table 14  shows the  equ i l ib ra t ion  time and the  b i o l o g i c a l  h a l f - l i f e  of 

t r i t i a t e d  water i n  body water of t w o  p ig - t a i l ed  monkeys and t h e  body water  

and body f a t  content of f o u r  p ig - t a i l ed  monkeys. 



i .  
i 

-9- 

Table 1 

Anthropoidimetric Measurements of a Growing k l e  P ig - t a i l ed  1-lcnkey 

(#3e, Fracisco) - a i r t h  uate i 7  Cecerr!ber 1963) 

Age i n  days (B i r th  da te  = Day 1) 90 16 8 - _u_ 

Body Weight (kg; 0.91 1.25 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Crown t o  base of t a i l  (cm) 

Crown t o  t i p  of t a i l  ( c m )  

Midline around shoulder  t o  t i p  of f i n g e r  ( c m )  

Midline around h ip  to t i p  of t o e  (cm) 

Grea ter  t rochan te r  t o  knee j o i n t  (cm) 

Knee j o i n t  t o  lateral  malleolus (cm) 

Humeral head t o  su r face  r a d i a l  epicondyle (cm) 

Tip of olecranon t o  u l n a r  s t y l o i d  (cm) 

Circumference of head o c c i p i t a l  t o  sup raop t i c  
above ears ( c m )  

Circumference of chest  a t  n ipp le s  (cm) 

Circumference of abdomen a t  umbilicus (cm) 

Width of head above ears ( c m )  

I n t e r p u s i l l a r y  d is tance  (cm> 

Length of r i g h t  foo t  (cm) 

Length of r i g h t  hand (cm) 

28.3 

41.2 

30.9 

28.8 

8.1 

8.4 

7.5 

8.5 

22.0 

17.8 

15.1 

6.2 

2.2 

9.6 

5,8 

31.0 

43.4 

32.5 

32.8 

8.6 

10.1 

8.2 

9.2 

23.5 

19.7 

15.5 

6.3 

2.3 

10.6 

7.7 
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Table 2 

Metabolic and Iieniatology Data from a P i g t a i l e d  Monkey (;2, Bottom) 

wi thout  Inp lan ted  Cathe ters  Confined i n  a Couch Configurat icn 

--z---------. .-- --.-----u_ 
I 

I i o: 3 5 ~  ~2 zzuzh csnfigwation I 

Body Weight (kg) 

Feed/day (gm) 

Water/day (ml) 

Urine (ml/day 1 

Feces ( gm/day 1 

RBC lo6/,$ 

WBC x 1 0 3 1 , ~ ~  

Lynphocyt es ('I, 1 

Mcnocytes (%) 

Neutrophi l s  ( % >  

Eosinophi l s  ( % >  

Basophi ls  (%I 

Hemoglobin (&/lo0 m l  whole blood)  

Total  Plasma Pro te in  
tg/lOO m l  plasma) 

Plasma Albumin 'I 

Plasma Globulin It 

A/G Rat io  

i 
10.79 1 

196 
j 
i 

600 f 
i 

468 ! 

I 

I 
i 

45 3 

i 

I 
i 

6.35 I 

8.2 I 

10.22 

178 

537 

488 

41 

50.5 

5.8 

41.0 

1.7 

1.0 

13.8 

7.1 

-- 
-- 
-- 

-- 
39th 

9.89 

186 

650 

411 

4 1  

- 

6.40 

7.5 

41.0 

2.0 

48.0 

0.0 

0.5 

11.2 

7.9 

5.1 

2.8 

1.8 
- 

75th 

10.51 

19 8 

6i7 

32 8 

47 

-_c_ 

5.60 

8.8 

38.0 

4.0 

56.0 

1.0 

0.5 

11.1 

-- 
-- 
-- 
-- 

82n d 

10.18 

179 

590 

2 33 

39 

6.90 

10.1 

32.5 

3.0 

61.5 

2.0 

1.0 

9 . 1  

8.3 

3.1 

5.2 

0.6 

89th 

10.39 

19 5 

637 

3 10 

38 

6.24 

11.3 

33.5 

4.0 

60.0 

1.5 

1.5 

11.1 

6.7 

2.8 

3.9 

0.7 
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Table 3 

Hematological Data From a Pig- ta i led  Llonkey (#32, Touchstone wiih implanted 

Catheters  Confined i n  a Couch Configuration 

Lyniphocytes (%) 

Mcnocytes (%)  

Neutrophi ls  (%) 

Eosinophi ls  (%)  

Basophils (% 

Hemoglobin (g/100 m l  whole blood) 

Total Plasma Pro te in  
(g/lOO m l  plasma) 

Plasma Albumin l1  l1  11 

Plasma Globulin " " 11 

A/G Ratio 

Control 
Period 

5.62 

12.7 

39.5 

4.0 

54.0 

3.0 

0.0 

a. 2 

8.6 

4.5 

4.1 

1.1 

- 
:lo. of day i n  couch ccnfigurat ion 

4.95 

10.0 

46.0 

1.5 

49.5 

2.5 

0.5 

10.2 

10.3 

4.8 

5.5 

0.9 
i 

4.83 

7.4 

45.5 

1.5 

52.0 

0.5 

0.5 

7.8 

7.2 

2.6 

3.6 

0.7 

77th 

5.25 

11.5 

48.5 

1.5 

48.0 

1.5 

0.5 

8.2 

6.4 

2.8 

3.6 

0.8 

~ ~ . . ~  - 

8Qth 

4.85 

11.2 

39.5 

1.0 

56.5 

3.0 

0.0 

9.0 

6.5 

2.9 

3.6 

0.8 
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Table 5 

Hemodynamic Data from a Mature Pig- ta i led  Mcnkey (?;20, Benvolio) 

8.30 

19.8 

Date 
- 

II ay F nllaw in e Catheter I rrp 1 a n t  at  i on 

Respiratory Rate (breaths/min) 

Heart Rate (beats/min) 

Aorta S y s t o l i c  Pressure (mm Hg) 

Aorta Dias to l i c  Pressure (mm Hg) 

Aorta Pulse  Pressure (mm Hg) 

Aorta Mean Pressure (mm Hg) 

Venous Pressure (mm Hg) 

Pulmcnary Ci rcu la t ion  T i n e  ( s e c )  

Complete Circulat ion T i m e  ( sec)  

Be at  s /Complete Ci rcu la t ion  

Blood Volume (ml) 

Cardiac Output ( l i t e r s /min  1 

Cardiac Output ( l i ters /kg/min ) 

Cardiac Index ( l i t e r s /m2/mh)  

Systemic Resistace (ayne sec/cn2) 

Cardiac Work (wat t s )  

Stroke Volume (ml/beat 

Stroke Index (ml/beat/kg body wt) 

- I 

25 Mar 64 

42 

- 

34 

189 

144 

10 1 

43 

12 1 

14 Apr 64 

62 

29 

15 3 

120 

88 

32 

98 

4.76 

8.23 

21.0 

1 .31  

0.163 

2.78 

60 10 

0.285 

8.63 

1.07 

? 

36 

1 7  2 

19 2 

140 

52 

16 7 

+ 2.62 

4.39 

9.74 

27.2 

606 

1.00 

0.124 

2 . 1 1  

11,920 

0.407 

6.37 

0.79 
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Table 6 

Consecutive iiourly Physiologic !kasurements ?:om a 
h t u r e  P i g - t a i l e z  PIonXey (823, Benvolio) 

Aorta Dressures i n  mm Hg Rectal 
Respi ra t ion  Rate :Ieart Rate Temperature Hour breaths /min beats/min S y s t o l i c  Ciastolic Pulse  ilean 

o c  

1900 

2000 

2100 

2200 

2 300 

2 400 

0100 

0200 

0300 

0400 

0500 

0600 

0700 

0 800 

0900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

16 8 

16 8 

15 6 

15 2 

144 

146 

14 4 

14 4 

145 

16 2 

15 0 

15 8 

144 

13 8 

14 4 

13 8 

132 

13 8 

-- 
13  8 

138 

144 

-- 
150 

15 2 

15 0 

1 3  9 

15 2 

15 4 

152 

15 5 

148 

14 3 

15 6 

15 7 

152 

2.q 8 

146 

14  8 

140 

16 2 

164 

-- 
16 5 

16 6 

1 E  4 

-- 
16 4 

111 

111 

i o  2 

1 2  0 

111 

10 8 

11 1 

10 6 

10  3 

1 :o 

11 3 

10 9 

io 8 

10 6 

10 5 

10 7 

116 

114 

-- 
12 5 

12 1 

119 

-- 
116 

42. 

39 

37 

42 

43 

44 

44 

42 

40 

46 

44 

43 

40 

40 

43 

33 

46 

50 

-- 
4 1  

4 1  

45 

-- 
48 

119 

119 

i i S  

12 6 

12 6 

E26 

12 7 

12 5 

124 

12 4 

1 2  6 

1 2  5 

12 5 

1 2  5 

12  6 

126 

1 2  7 

1 2  7 

127 

12 7 

1 2  7 

126 

-- 
12  7 

-- 
-- 
-- 
-- 
-- 

37.8 

37.8 

37.8 

37.8 

37.7 

37.7 

37.6 

37.5 

37.3 

37.3 

-- 
37.3 

-- 
-- 

37.6 

-- 
-- 
-- 

37.7 
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Table 7 

Hemodynamic Data from Two h t u r e  P ig - t a i l ed  Mcnkeys Following 
Chr cn i c Catheter Implant a t  i on -- 

Animal 

11 Mar 64 

Day following c a t h e t e r  inp lan ta t ion  

Respiratory Rate (breaths/min) 

Heart Rate (beats/min) 

Aorta S y s t o l i c  Pressure (mm Hg) 

Aorta D i a s t o l i c  Pressure (mm Hg) 

Aorta Pulse  Pressure (mm Hg) 

Aorta Nea Pressure (mm Hg) 

Mean Venous Pressure (mm Hg) 

Pulmonary Circulation T i n e  (set) 

Complete Ci rcu la t ion  Time (set) 

Be at s / Conip l e t  e Ci rcu la t ion  

Blood Volume (ml) 

Cardiac Output ( l i t e r s / m h )  

Cardiac Output ( l i t e r s / k g / m h )  

Cardiac Index ( liters/m 2 / m h )  

Systemic Resistance (dyne sec/cm2) 

Cardiac Work (watts 

Stroke Volume fml/beat 1 

Stroke Index (ml/beat/kg body w t )  f 
I 

29 

17 3 

13 4 

102 

32 

113 

-- 
4.43 

7.57 

20.1 

1.49 

0.140 

2.61 

5,630 

0.418 

8.66 

0.81 

#48, C l i t u s  
e.13 kg 

2 1  Play 64 1 2 5  Majj 64 

i 27 23  I 

33 

207 

132 

72 

60 

io2 

-1 

26 May 64 

28 
U I  

37 

208 

133 

79 

53 

10 8 

-7 

3.35 

5.97 

20.6 

659 

1.57 

0.193 

3.32 

5,920 

0.376 

7.62 

0.94 
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Table 8 

Range i r ?  Eemcdynamic Data from 5 Unanesthetized, Maie Pig-Tailed tlcnkeys 
Weighing between 7.5 and 11.0 kg 

Iio. of 
ObseTvat i cns iqaximum Minimum --- 

Respiratory Rate (brea ths  /min) 97 42 20 

222 132 He a r t  Rate (be a t  s /min 97 

2 15 3.0 6 Aorta S y s t o S c  Pressure (mm Hg) 97 

Aorta Diastolic Pressure (mm Hg) 97 15 5 65 

Aorta Pulse Pressure (mm Hg) 97 6 1  29 

Aorta Mean Pressure  (mm HE;) 97 182 83 

Mean Venous Pressure (nm Hg) 47 

Pulmonary Ci rcu la t ion  T h e  ( s ec )  57 

C o v l e t e  Circulation Time  (sec) 57 

Be a t  s /Corr,p l e t  e C i r  cu lat ion 

Blood Vohme (ml) 

Cardiac Output ( liters/mh 1 

54 

28 

49 

+ 10 - 10 
5.04 3.15 

8.86 5.55 

24.6 14.3 

82 7 45 7 

1.80 0.83 

Cardiac Output ( l i t e r s /kg /min )  49 0.223 0.101 

49 3.78 i, 75 Cardiac Index ( l i t e r s / m  /fin 1 

Systemic Resistance (dyne seci’cm 2 ) 45 12,870 4,710 

2 

0.447 0.215 Cardiac Work (wa t t s )  45 

Stroke Volume ( mlbe a t  49 10.8 5,9.’ 

Stroke Index (ml/beat/kg body w t >  49 1.34 0.67 
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Table 13 

Analysis of Urinary Ccns t i t uen t s  of a P i g - t a i l e d  Monkey (H32, Touchstone) 
Col lec ted  and Frozen i n  an Automatic !ir ine Co i l ec t ion  Cevice 

A v e r q e  of triplicate a n a l y s i s  
fo r  24 h o w  s a q l e  

From 5 May 64 2000 From 20 May 64 1000 
To 6 Hav 64 2CC3 T o  2 1  Mav 64 3.000 

Volume of Urine 

AnmGn i a 

Phosphst e 

Chloride 

S u l f a t e  

Sodium 

P ot ass ium 

N a / K  

Calcium 

Magiesium 

Urea 

Uric Acid 

Crea t in ine  

Glucose 

5 OHIAA 

17-Ket o s t e r o i d  

17-OH s t e r o i d  

Epinephrine 

Norepinephrine 

ml/hr 

mmoles/hr 

11 

11 

11 

11 

11 

11 

11 

It 

11 

I1 

I 1  

11 

pmo les /h r 

11 

I1 

nmoles / h r  

11 

.9,?L2 

0.0014 

0.000777 

0.637 

0.116 

0.530 

0.530 

1.00 

0.261 

0.0724 

3.20 

0.00405 

0.0613 

0.0374 

0.155 

0.797 

0.237 

1.597 

1.260 

1 5 - 3  

0,0551 

0,006222 

0,729 

9.133 

0.685 

0.598 

1.72 

0.115 Atom. Absorp. 
Spectroph. 

0.0613 11 

3.82 

0.00372 

0.0639 

0.0576 

0.186 

0.691 

0.187 

0.297 

0.619 

T o t a l  osmotic p re s su re  5.82 5.86 
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T & l e  1 4  

B d y  Ccnposirion Measurements of 4 P ig - t a i l ed  Nonkeys 

T o t a l  I 
Co6y 1 To ta l  

t 49 Claudius 

56 T i t i n i u s  

, t kf: 

1 
2 

(days 1 

7 

6 

- 

fc Equi l ib ra t ion  time of t r i t i a t e d  water i n  body water. 

$& Biologica l  h a l f - l i f e  of t r i t i a t e d  water. 


